"Bai yao zi," the dried tubers of Stephania cepharantha HAYATA (Menispermaceae), has been used in Chinese folk medicine for the treatment of diseases such as parotiditis, gastric ulcer and leukopenia.
"Bai yao zi," the dried tubers of Stephania cepharantha HAYATA (Menispermaceae), has been used in Chinese folk medicine for the treatment of diseases such as parotiditis, gastric ulcer and leukopenia. [1] [2] [3] Previous phytochemical investigations of the plant material collected in Taiwan and Japan have revealed the presence of a large number of alkaloids including bisbenzylisoquinolines.
4) Several bisbenzylisoquinoline alkaloids have been shown to possess pharmacological activities such as vasodilator effect, 5) and our recent studies have also disclosed the effects of some members of alkaloids of this group on proliferation of cultured cells from the murine hair apparatus. 6) These intensive phytochemical and pharmacological studies were focused mainly on tertiary alkaloidal constituents, while only palmatine has so far been isolated as a quaternary base 7) because of the difficulty in isolation of quaternary alkaloids. However, good separation has recently been achieved by reverse-phase HPLC using ion-pair solvent systems. 8) This prompted us to re-examine the quaternary alkaloidal fraction of S. cepharantha and to isolate nine alkaloids, two of which were new. This paper deals with the isolation and structure elucidation of these new compounds and characterization of known protoberberine and bisbenzylisoquinoline alkaloids.
Separation of the quaternary alkaloidal fraction of the dried tubers of Stephania cepharantha afforded nine alkaloids, 1-9 as perchlorates. Compounds 1-5 were identified as magnoflorine, 8b) menisperine, 9, 10) steponine, [11] [12] [13] cyclanoline, 14) and oblongine, 15) respectively by comparison of their spectral data with those described in the literature. These alkaloids have been isolated for the first time from the plant material.
Compound 1 H-NMR spectral features were comparable with those of steponine (3) except for the absence of an aromatic singlet and the presence of one additional methoxyl signal. High resolution electron ionization mass spectrum (HR-EI-MS) fragment ions at m/z 208.1007 and 150.0682, arising from A/B rings and D ring, respectively, indicated the substitution of a phenolic hydroxyl and two methoxyl groups on ring A and of a phenolic hydroxyl and a methoxyl group on ring D.
12) The placement of the methoxyl and hydroxyl groups was determined by a series of 1 H-detected heteronuclear multiple-bond connectivity (HMBC) and nuclear Overhauser enhancement spectroscopy (NOESY) experiments with 6. NOESY interaction between the signal at d 6.50 and H-5 allowed us to assign the aromatic proton signal to H-4, and thereby its correlated methoxyl signal at d 3.85 to 3-OMe. In the HMBC spectrum, significant interactions were observed between H-4 and two aromatic carbon signals (d 136.5, 154.9), which were associated with methoxyl groups, and between H-13a and the carbon signal at d 148.2 bearing a hydroxyl group, suggesting the placement of a hydroxyl at C-1 and methoxyls at C-2 and C-3, respectively. The substitution pattern on ring D in 6 was suggested to be the same as in steponine (3) 13) The negative sign of specific optical rotation and circular dichroism (CD) curve indicated the S configuration of C-13a. Accordingly, the structure of the new compound was elucidated as shown.
Alkaloid 7 was also obtained as an amorphous powder. The HR-SI-MS measurement of 7 revealed the molecular formula, C 22 H 28 NO 5 . The 1 H-and 13 C-NMR (Table 1 ) spectral features of 7 were closely similar to those of 6, except for the presence of one additional aromatic methoxyl signal and the chemical shifts of the signals arising from the aromatic ring D. These results suggested that 7 was a 9-O-methyl derivative of 6. The HR-EI-MS of 7 showed a fragment ion peak at m/z 164.0868, CH 2 more than the corresponding peak of 6, which could be explained by the methylation of a phenolic hydroxyl group at C-9. The substitution pattern of ring A and B/C junction in 7 were deduced to be the same as in 6 from comparison of their 1 H-and 13 C-NMR spectral data coupled with the results of NOESY and HMBC experiments with 7. Accordingly, compound 7 was established as 9-Omethylstecepharine. The alkaloid has previously been prepared from capaurine, 13) but was isolated and characterized here as a natural product for the first time.
Compound 8 ring aromatized. 16) Nuclear Overhauser effect (NOE)s observed in the NOESY spectrum of 8 demonstrated that the methoxyl groups were situated at C-6 and C-4Ј. Accordingly, the structure of 8 was elucidated as shown and designated tetradehydroreticuline.
Compound 9 was isolated as an amorphous powder, C 39 H 45 N 2 O 6 . It showed UV maxima at 232sh and 284 nm. Its 1 H-NMR spectral features showed analogy to those of isotetrandrine (10), a major tertiary alkaloid of this plant, except that 9 showed three singlets for N-methyl groups at d 2.51, 3.15 and 3.46 instead of two singlets at d 2.25 and 2.56 in 10. These findings implied that the alkaloid was a 2-N-or 2Ј-N-methylated compound of 10. This was supported by the fact that methylation of 9 with methyl iodide gave 11, which was identified with 2,2Ј-N-dimethylisotetrandrine prepared from 10. Two nitrogen atoms in 9 were discriminated by the two dimensional (2D)-NMR technique. HMBC interactions with H-14 and H-14Ј led to the assignment of C-a and C-aЈ, which were correlated with H 2 -a and H 2 -aЈ, respectively, in the 1 H-detected heteronuclear multiple quantum coherence (HMQC) spectrum. HMBC cross-peaks between H 2 -aЈ, two N-methyl singlets at d 3.15 and 3.46 and C-1Ј as well as between H-a (d 2.89), an N-methyl at d 2.51 and C-1 confirmed the situation of an additional N-methyl group at 2Ј-nitrogen. Thus, compound 9 was determined to be 2Ј-Nmethylisotetrandrine. This alkaloid has already been isolated from Berberis oblonga, 17) but is fully characterized here for the first time.
Experimental
The melting point was measured on a Büchi melting point apparatus and is uncorrected. UV spectra were recorded on a Shimadzu UV-240 spectrophotometer, IR spectra on a Shimadzu FT-IR-8200 spectrophotometer and CD spectra on a Shimadzu-Aviv 62 A DS CD spectrometer. Optical rotations were measured on a JASCO DIP-370 digital polarimeter. MS and HR-MS were obtained with a Hitachi M-4100 mass spectrometer. For SI-MS, glycerol was used as the matrix. All NMR spectra were recorded on a Varian VXR-500 spectrometer with tetramethylsilane as an internal standard.
Extraction and Isolation of Alkaloids Solvent extraction of the crude drug "Bai yao zi" was carried out as reported previously. 6) After extraction of the tertiary alkaloids with Et 2 O and CH 2 Cl 2 , the remaining aq. layer was acidified with 2.5% tartaric acid and then NaClO 4 was added (final concentration 0.5 M). The quaternary alkaloids were extracted as ion pairs with CH 2 Cl 2 . The CH 2 Cl 2 extract was dried over anhydrous MgSO 4 and concentrated in vacuo to leave an alkaloidal fraction (16.5 g). A part (4.31 g) of the residue was dissolved in aq. NaHCO 3 solution and NaClO 4 was added (final concentration 0.5 M) and then extracted with C 2 H 4 Cl 2 . The C 2 H 4 Cl 2 layer was extracted with aq. NaOH solution, dried and concentrated to give the residue RQ-1 (561 mg). The remaining NaOH alkaline solution was acidified with HCl and extracted as ion pairs with C 2 H 4 Cl 2 after addition of NaClO 4 . Concentration of the organic extract afforded the residue RQ-2 (2.74 g). The initial NaHCO 3 solution was acidified with tartaric acid and extracted with C 2 H 4 Cl 2 . The C 2 H 4 Cl 2 extract was dried and concentrated in vacuo to leave the residue RQ-3 (624 mg). Respective residue was further purified by preparative HPLC. HPLC conditions for ion-pair chromatography were as follows. Column: Cosmosil 5C18-AR (20 mmϫ25 cm, Nacalai Tesque); eluent: gradient elution of (A) 50% HClO 4 : 0. Steponine (3) 4→C-1a, 2, 3, 5, H 2 -5→C-4a, H-6 (d 3.48)→C-4a, H-8 (d 4.72)→C-6,  8a, 9, 12a, NMe, H-8 (d 4.92)→C-6, 8a, 9, 12a, 13a, H-11→C-9, 10, 12a,  H-12→C-8a, 10, 13, H-13 (d 2.95)→C-1a, 8a, 12a, 13a, H-13 (d  3.48)→C-1a, 8a, 12, 12a, H-13a→C-1, 1a, 4a, 6 Methylation of 9 and Isotetrandrine (10) To a solution of isotetrandrine (10) (21.3 mg) in MeOH (0.2 ml) was added an excess of MeI and the whole was allowed to stand overnight. The reaction mixture was diluted with aq. NaClO 4 solution and extracted with C 2 H 4 Cl 2 . Evaporation of the solvent gave 2, 2Ј-N-dimethylisotetrandrine (11) 13 C-NMR: see Table 2 C-NMR spectra, to Dr. K. Saiki (Kobe Pharmaceutical University) for mass spectra measurements.
